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A B S T R A C T   
Nanotechnology enables the development of new and improved products. However, the public is also concerned 
about uncertain risks associated with nanotechnology-enabled products. To address this concern, the study aims 
to expand the understanding about public benefit and risk perceptions as a basis for the effective formulation of 
policy that addresses public interests. The study investigates public benefit and risk perceptions of nanotech-
nology development from the psychological and sociological aspects through a questionnaire survey conducted 
on Klang Valley, Malaysia. Analysis of variance (ANOVA) illustrates that demographics indeed influences public 
benefit and risk perceptions of nanotechnology development. However, public knowledge about nanotechnology 
exerts no effect on public benefit and risk perceptions of nanotechnology development based on independent t- 
tests. Simple linear regression reveals that the lack of public trust in government increases risk perception. Public 
attitude perceives nanotechnology to be more beneficial than risky, thus influencing benefit perception rather 
than risk perception. Public lifestyle, such as culture, religious beliefs and social group influence benefit 
perception but not risk perception. Result is expected to deliver better communication of benefit and risk of 
nanotechnology to the public as well as ensure an ethical policy regarding nanotechnology development.   
1. Introduction 
1.1. Nanotechnology 
Nanotechnology-enabled products have a long shelf life with 
improved performance, whereas nanotechnology development not only 
benefits but also exposes the public to uncertain risks associated with 
nanotechnology. Despite being well-proven to improve the livelihood of 
human beings, the public rejects other technologies, such as genetic 
modification and nuclear energy, due to the lack of inclusion of public 
benefit and risk perceptions during initial development [1–4]. Hence, 
public benefit and risk perceptions of nanotechnology development are 
vital to increase the public’s understanding and improve acceptance of 
emerging technology. Communicating the benefits and risks of nano-
technology is an efficient approach for gaining public trust and pre-
paring the public with appropriate information, which will enable the 
public to make informed decisions and avoid fear of the unknown due to 
lack of information [5]. The study focuses on Malaysia, which aspires to 
promote nanotechnology as one of the country’s enablers in driving the 
economy. Malaysia initiated the Malaysia National Nanotechnology 
Initiatives (MNNI) in 2006, in which the third MNNI objective is the 
enhancement of societal and environmental contribution [6]. Hence, 
understanding public perception of nanotechnology is required to 
improve public communication on nanotechnology as well as for the 
effective formation of policy for ethical nanotechnology development. 
The study aims to shed light on the public benefit and risk perceptions of 
nanotechnology development based on demographic, psychological and 
sociological factors. Findings will be useful for inclusive nanotechnology 
development. 
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1.2. Public perception 
In general, scientists conduct research in laboratories and kept 
findings confidential because sharing with the public may jeopardise 
their career [7]. The public was shielded from the new development in 
science because such a discovery was reserved for the scientific elite. In 
recent years, communicating science to the public has become the in-
terest of government and private agencies to educate the public about 
recent developments in science as the public gained benefits from pre-
vious scientific advancements. As the end-user of 
nanotechnology-enabled products, the public will be affected by un-
certain risks of technology development; hence, the strong desire for 
familiarity with the latest development. From another perspective, sci-
entists are cautious about sharing results with the general public because 
they prefer the results to be published before being publicised [8]. The 
reason for this notion is that journal publication has been proven a more 
credible dissemination channel compared with media coverage. How-
ever, understanding journal articles is difficult for the general public. At 
the same time, the rapid development of science and technology should 
be communicated continuously, which demands various resources. 
Thus, a different approach is required for better communication. Fraser 
and Restrepo-Estrada [9] defined communication for development as 
‘the use of communication process, techniques and media to help people 
towards full awareness of their situation and options for change, to 
resolve conflicts, to work towards consensus, to help people plan actions 
for change and sustainable development, to help people acquire the 
knowledge and skills they need to improve their condition, society and 
effectiveness of institution’ [9]. 
Scientific literacy is defined as ‘knowing how science works’, thus 
promoting science to the public for a better understanding of new sci-
entific knowledge [10]. To facilitate the public’s understanding of sci-
ence in a new way of communicating, familiarity with controversial 
facts, theories and issues is necessary [10]. The public should be duly 
informed about the potentials and limitations of science, where public 
communication opens up a space for the public to think critically to 
better solve problems [11]. A lesson can be learned from the science and 
technology communication of biotechnology at a time when the Euro-
pean public opposed biotechnology in the late 1970s because of po-
tential risks emerging from agricultural biotechnology [12]. This 
concern was further exacerbated by new food technologies, such as mad 
cow disease and genetically modified organisms [13]. The advocacy to 
communicate science and technology to the public was based on the 
assumption that the public that understood science will support it [14]. 
However, for decades, the public was informed about technology 
development only after the technology has been developed [7,15]. 
Furthermore, public communication was based on a one-way commu-
nication setting. Information about technology was provided through an 
educational approach to improve public understanding [16]. Although 
the public was included and many educational programmes were 
established, the one-way communication approach has created a 
knowledge gap between layperson and experts [17,18]. Hitherto, the 
public remained highly sceptical about agricultural biotechnology, and 
their acceptance has not increased [10]. 
Nanotechnology emerges and requires a different approach in public 
communication to avoid backlash. One of the main factors that shape 
public communication for nanotechnology is lessons learned from 
controversial technologies [19–21]. Communication for nanotech-
nology involves interaction among various stakeholders, such as gov-
ernment agencies, industries and researchers, by engaging the public in 
decision making, which is essential for policy development [22]. Public 
deliberation involving two-way communication is introduced to artic-
ulate the social and ethical implications of nanotechnology that prom-
ises a paradigm shift in science and technology communication [23]. 
However, Kurath and Gisler [22] argued that the traditional approach is 
still in practice in the public deliberation of nanotechnology, which fails 
to reflect the critical impacts of the results of policymaking, and is only 
limited to values on the social and ethical aspects. Increased knowledge 
and awareness gained from deliberation do not improve the public 
scepticism for government and industries in regulating nanotechnology 
to represent public interests [23,24]. Hence, understanding factors that 
influence public perception is vital for the development of effective 
policy [25], which will be instrumental for the ethical management of 
nanotechnology. In this regard, the study uses demographic, psycho-
logical and sociological aspects to understand the benefit and risk per-
ceptions of nanotechnology development. 
1.3. Factors influencing public perception 
1.3.1. Demographics 
Various studies have been conducted to investigate how de-
mographics influence public perceptions. The current study takes into 
account different demographic factors to investigate their influence on 
the public benefit and risk perceptions of nanotechnology. Pilisuk and 
Acredolo [26] proposed that well-educated individuals consider tech-
nological hazards as less risky than others due to a better comprehension 
of types of hazards. Socio-demographics has been illustrated to influence 
risk perception, whereas the poor, ethnic minorities and women tend to 
reject new technology due to high levels of risk perception [27]. 
Compared with their counterparts, affluent and well-educated in-
dividuals with a better understanding of science afford better protection 
from technology hazards through financial means. Thus, such people 
perceive technology as more beneficial and show high levels of accep-
tance of technological improvement [26]. Ethnic minorities are warier 
about technological risks [27–29] as they may be trapped in poverty, 
which prevents them from obtaining better education [30]. Women 
have a high risk perception of technology than men because women are 
more vulnerable than men. Therefore, women are more alert to 
perceived risks [31]. Alternatively, Cobb and Macoubrie [32] found that 
educated individuals perceive nanotechnology as bringing more benefits 
than risks. Male, youth and educated individuals are groups that are 
optimistic about nanotechnology benefits vis-�a-vis risks [33]. As previ-
ously mentioned, women perceive high risk in technology, in which they 
show a similar concern towards nanotechnology [34]. Thus, women 
display low levels of willingness to buy nanotechnology-enabled prod-
ucts [35]. Furthermore, the public over the age of 48 years and under 36 
years are less concerned about nanotechnology compared with other age 
groups [36]. Therefore, the study presents the following hypothesis for 
demographics in influencing public perception towards 
nanotechnology. 
H1. Risk perception is higher for women, aged individuals, minorities 
and low-income groups compared with their counterparts. 
Moreover, the study introduces psychological and sociological as-
pects to further understand the public perception of nanotechnology. 
Knowledge, attitudes and trust are grouped under the psychological 
aspect, whereas the sociological aspect pertains to the public’s lifestyle, 
which includes culture, religion and social groups [37]. 
1.3.2. Psychological aspects 
Various levels of knowledge between the public and experts resulted 
in different perceptions of nanotechnology [34,38]. Although both 
groups agree that the benefit outweighs the risk, however, the public 
displays high levels of risk perception. Comprehensive knowledge about 
nanotechnology enables a person to perceive nanotechnology as bene-
ficial and thus willing to accept the risk of nanotechnology [39–42]. The 
notion indicates that not all risks are unacceptable; however, risks 
associated with benefits are more acceptable [43]. Knowledge possessed 
by experts give the confidence that risks will not directly harm the public 
[34]. Furthermore, experts’ experience, knowledge and expertise in 
handling nanotechnology enable them to view the development of 
nanotechnology in a controlled manner, thus resulting in their lower risk 
perception than the public [37]. However, experts’ concerns focus on 
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the ‘new pollution’ and ‘new disease’ that may arise from future 
nanotechnology-enabled products [38]. Conversely, the general public 
has limited and different knowledge than experts. The public obtains 
knowledge about technology by relying on risks associated with a 
particular technology [44]. Furthermore, their familiarity with nano-
technology is dependent on the amount of information they gather from 
media coverage. Hence, the following hypothesis for knowledge in 
influencing public perception towards nanotechnology is presented. 
H2. The public familiar with nanotechnology has high levels of benefit 
perception of nanotechnology. 
Trust in the government, researchers and industries encourage the 
public to make decisions based on information received about nano-
technology [45]. Policy can also be easily formed with the trust afforded 
by the public [46]. Siegrist et al. [34] observed that experts rely to the 
government to handle nanotechnology and protect society from risks. 
The authors also suggested that high levels of trust in the government, 
researchers and industries increase benefit perception and thus decrease 
risk perception towards nanotechnology. Although civil society depends 
on how the government, researchers and industries manage risks asso-
ciated with nanotechnology, the public also tends to be hesitant and 
anxious of the possible impacts of nanotechnology. Citizens who trust 
government agencies, such as the Food and Drug Administration will 
continue to trust the government to prioritise the interest of the public 
by providing information about nanotechnology in labelling and 
possibly establishing mandatory labelling for future products [47]. Trust 
is essential for policymakers to manage the public’s concerns and abil-
ities to develop nanotechnology in the direction aligned with public 
interests. Hence, the following hypothesis for public trust is formulated: 
H3. Trust in the government, researchers and industries will increase 
the public’s benefit perception. 
Attitude serves as a heuristic signal when one recalls past behaviours 
and influences present judgements and decisions [48–50]. Information 
received is defined differently according to an individual’s background. 
For example, a person will decide whether to accept information based 
on their memory of such information. Heuristic attitudes are defined as 
‘evaluative relationships in which one uses an object as a strategy to 
solve the problem by determining whether the object is in a preferred 
category, i.e. a strategy of liking and protecting, or being in an unwanted 
category, a strategy of hate and harm’ [49]. Moreover, attitude towards 
nanotechnology is defined as ‘the positive or negative attitudes of so-
ciety towards nanotechnology dependent on the perceived benefits and 
risks of nanotechnology applications by individuals’ [45,51]. The public 
with a positive attitude towards science and technology and has never 
encountered a bad experience in this regard will perceive nanotech-
nology as beneficial. As such, they possess a positive attitude towards 
nanotechnology. In contrast, the public with controversial issues 
regarding science and technology will perceive nanotechnology as risky 
and likely to reject nanotechnology [52]. Thus, the study proposes the 
following hypothesis for attitude. 
H4. A positive attitude towards nanotechnology decreases the risk 
perception of nanotechnology. 
1.3.3. Sociological aspects 
Previous studies also pointed out the sociological aspects of influ-
encing public perception. An individual’s way of life is a combination of 
cultural values (i.e. shared values and beliefs) and social relationships (i. 
e. human relationships) [53]. In addition, culture is defined as a lifestyle 
that contains values and beliefs inherited by younger generations from 
older generations [54]. These generational views are also shaped by 
social groups, such as organisations and peers [55]. In this regard, the 
public thus aims to learn and understand their culture to decide whether 
a product or technology is beneficial or risky and act accordingly based 
on their cultural values [56]. 
Furthermore, technology policy embedded in culture prepares the 
public in terms of familiarity with technology development [57]. Thus, a 
culture that values technology will embrace technology in general. 
Therefore, the hypothesis for culture is formulated as follows. 
H5. Individuals that are culturally familiar with science and technol-
ogy display a high benefit perception of nanotechnology. 
Religion is a value system that individuals use to understand new 
facts, including science and technology. To a certain extent, acceptance 
of technology varies depending on religiosity. People with strong reli-
gious beliefs are morally disproportionate with nanotechnology 
compared to those with less faith in their religion. Science and religion 
are components of the cultural process in society [58]. Benefit percep-
tion of nanotechnology is found among individuals with less 
religion-learning and living in a secular society. As a moral issue, 
technology draws attention from the broader society that holds religious 
beliefs because technology interferes with the natural processes of na-
ture. Hence, this scenario is considered risky and morally unacceptable 
[59]. In addition, communities that hold strong faith are likely to sup-
port funding for research and development of nanotechnology [40] as 
they believe that technology is associated with ‘playing God’. Thus, the 
study presents the hypothesis for religious lifestyle as follows. 
H6. Religious beliefs influence the public to display high levels of risk 
perception of nanotechnology. 
Sociological aspects involve the benefit and risk perceptions of social 
groups regarding nanotechnology depending on the impact of technol-
ogy [37,60]. A social group is defined as a group of individuals with 
similar aims and collective unity. Public concern on nanotechnology is 
focused not only on toxicological risks but also the extent of benefits and 
risks of nanotechnology in manufacturing and production, distribution, 
use, and disposal of nano-products that may be experienced only by 
particular social groups [61]. This coverage leads to a perception of 
nanotechnology that involves the equal distribution of nanotechnology 
to different social groups. Inequality in distributing the benefits and 
risks of nanotechnology among social groups may lead to more exposure 
to risks for others. Furthermore, social groups with varying levels of 
knowledge about nanotechnology may have different interpretations of 
benefits and risks based on their technical skills in handling technology 
[62]. In addition, different social groups will hold perceptions depend-
ing on how technology benefits them and how risks are addressed. In 
this situation, social trust is best suited for a society that lacks capacity, 
knowledge, interests and resources. Social trust is defined as ‘the will-
ingness to rely on those who have the responsibility for making decisions 
and taking actions related to the management of technology, the envi-
ronment, medicine, or other realms of public health and safety’ [63]. 
Therefore, public acceptance of new technology is reliant on informa-
tion provided and social trust guided by the government, researchers 
and industries [32,63,64]. In this context, funding on nanotechnology 
development is crucial for research to ensure the fair distribution of the 
benefits of nanotechnology and protect social groups from risks [60]. 
Hence, the following hypothesis regarding the impact of funding for 
nanotechnology development on social groups is presented. 
H7. The impact of funding for nanotechnology development on social 
groups increases risk perception. 
2. Methods 
2.1. Survey 
The study was conducted in Klang Valley, Malaysia from April to 
June 2017 based on an estimated population of 8.18 million. Klang 
Valley is the most populated area in Malaysia with the aspiration to be 
developed as a hub for nanotechnology due to the density of various 
government agencies, non-governmental organisations, universities and 
N.A. Kamarulzaman et al.                                                                                                                                                                                                                    
Technology in Society 62 (2020) 101329
4
research centres in this area. The study focuses on three main ethnic 
groups in Malaysia, namely, Malay (67.4%), Chinese (24.6%) and Indian 
(7.3%) [65]. Questionnaires were distributed in person to 407 re-
spondents among the ten (10) city councils. The respondents represent 
different demographic groups in terms of gender, age, ethnicity, level of 
education and household income. Reliability of the measurement of 
factors in influencing benefit and risk perceptions was measured using 
Cronbach’s alpha (α). 
2.2. Independent variables (psychological aspects) 
2.2.1. Knowledge 
Knowledge about nanotechnology was a binary variable and 
measured as No ¼ 0 and Yes ¼ 1. Those who answered ‘Yes’ were 
requested to answer the follow-up questions about nanotechnology ap-
plications to further test their familiarity. 
2.2.2. Attitude 
Attitude was measured using three questions, namely, ‘What is your 
opinion on the benefit of nanotechnology?’, ‘Do you agree with using 
nanotechnology application in consumer products?’ and ‘Are you 
willing to buy nanotechnology products?’ The questions were adapted 
from Kishimoto [66] with a few modification to suit the objective of the 
current study. The means of the three questions were summed and 
averaged to represent attitude (1 ¼ strongly disagree, 7 ¼ strongly 
agree; M ¼ 4.85, SD ¼ 1.01, α ¼ 0.88). 
2.2.3. Trust 
Four items rated from 1 ¼ less trustful to 7 ¼most trustful were used 
to measure trust in the government (M ¼ 4.43, SD ¼ 1.33, α ¼ 0.94), 
researchers (M ¼ 5.04, SD ¼ 1.21, α ¼ 0.96) and industries (M ¼ 4.64, 
SD ¼ 1.07, α ¼ 0.94). 
2.3. Independent variables (sociological aspects) 
2.3.1. Public lifestyle (culture, religious beliefs and social groups) 
Three items were rated from 1 ¼ strongly disagree to 7 ¼ strongly 
agree to measure culture, religious beliefs and social groups. The items 
are ‘Based on your lifestyle, do you well accept nanotechnology?’ (M ¼
4.86, SD ¼ 1.16), ‘Based on your religion, do you well accept nano-
technology?’ (M ¼ 4.90, SD ¼ 1.19) and ‘Based on your lifestyle and 
religion, do you support funding for nanotechnology research?’ (M ¼
5.20, SD ¼ 1.20) with Cronbach’s α ¼ 0.96. 
2.4. Dependent variables 
2.4.1. Benefit and risk perceptions of nanotechnology 
Twelve items were used to measure benefit and risk perceptions of 
nanotechnology. Benefit perception is a summative index of six items 
that assesses the perceived benefits of applying nanotechnology in cos-
metics, electrical appliances, medicine, food, sports equipment, deter-
gent, nano-therapy, nano-pesticides and nano-fertilisers (1 ¼ less 
beneficial, 7 ¼ most beneficial; M ¼ 4.82, SD ¼ 0.82, α ¼ 0.84). Alter-
natively, risk perception is a summative index of six items regarding the 
risks of applying nanotechnology in the abovementioned categories (1 
¼ less risky, 7 ¼ most risky; M ¼ 4.51, SD ¼ 0.92, α ¼ 0.88). 
3. Analysis 
Analysis of variance (ANOVA) was conducted on the respondents’ 
demographics followed by a post-hoc test to determine the significant 
difference between demographic factors in influencing public benefit 
and risk perceptions. Furthermore, an independent t-test was conducted 
to test public benefit and risk perceptions as influenced by knowledge. A 
simple linear regression was performed to test the influence of attitude, 
trust, culture, religious beliefs and social groups on public perception. 
4. Results 
Table 1 provides a descriptive analysis of respondents’ demographic, 
psychological and sociological aspects as well as the public benefit and 
risk perceptions of nanotechnology. The majority of the respondents are 
female (63.9%) and belong to the age group between 21 and 40 years, 
Malay (68.1%), bachelor degree holders (37.3%), and earn RM3000 and 
below (38.8%). In terms of psychological aspects, 47.2% of the 
Table 1 
Descriptive analysis.  
Variables Percentage M SD 
Independent variables  – – 
Demographic  – – 
Gender Female (63.9) – – 
Age  – – 
18 to 20 (Adolescent) 7.4 – – 
21 to 40 (Young adult) 85.0 – – 
41 to 51 (Middle-age adult) 7.6 – – 
Ethnic  – – 
Malay 68.1 – – 
Chinese 19.7 – – 
Indian 10.1 – – 
Education  – – 
Malaysia Lower Certificate of 
Education (LCE) 
2.2 – – 
Malaysian Certificate of Education 
(MCE) 
17.2 – – 
Matriculation 5.2 – – 
Diploma 20.4 – – 
Bachelor degree 37.3 – – 
Master degree 15.0 – – 
Ph.D. 2.7 – – 
Household income  – – 
� RM1000 5.4 – – 
� RM3000 38.8 – – 
� RM5000 31.2 – – 
� RM7000 10.3 – – 
� RM9000 5.4 – – 
> RM9001 8.8 – – 
Independent variable 
(psychological approach)  
– – 
Knowledge about nanotechnology 47.2% (unaware about 
nanotechnology) 
– – 
Attitude towards nanotechnology – 4.85 1.01 
Trust in government on 
nanotechnology development 
– 4.47 1.33 
Trust in researchers on 
nanotechnology development 
– 5.04 1.21 
Trust in industries on 
nanotechnology development 
– 4.63 1.07 
Independent variables (sociological 
approach) 
–   
Culturally accept nanotechnology – 4.86 1.16 
Religious beliefs on accepting 
nanotechnology 
– 4.90 1.19 
Socially accept research funding of 
nanotechnology 
– 4.88 1.13 
Dependent variables –   
Benefit perception of 
nanotechnology 
– 4.82 0.82 
Risk perception of nanotechnology – 4.51 0.92 
Nano-application (benefit)    
Cosmetic – 4.86 1.43 
Electrical appliances – 4.99 1.44 
Medical – 5.40 1.40 
Food – 4.40 1.61 
Sport equipment – 4.64 1.50 
Detergent – 5.20 1.35 
Nano-application (risk)    
Cosmetic – 4.37 1.46 
Electrical appliances – 3.94 1.47 
Medical – 4.28 1.55 
Food – 4.79 1.67 
Sport equipment – 3.62 1.52 
Detergent – 3.90 1.52  
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respondents are unaware about nanotechnology. In general, public 
attitude is positive (M ¼ 4.85, SD ¼ 1.01). The respondents indicated 
high levels of trust in researchers (M ¼ 5.04. SD ¼ 1.21), industries (M ¼
4.63, SD ¼ 1.07) and the government (M ¼ 4.47, SD ¼ 1.33). In terms of 
culture and religious beliefs, the public is accepting nanotechnology and 
agree with funding the research on nanotechnology (culture: M ¼ 4.86, 
SD ¼ 1.16; religious beliefs: M ¼ 4.90, SD ¼ 1.19; funding: M ¼ 4.88, SD 
¼ 1.13). The science and technology policy that has been introduced in 
1986 to the Malaysian public may induce their acceptance towards 
nanotechnology. The public perceives nanotechnology as slightly more 
beneficial than risky (benefit perception: M ¼ 4.82, SD ¼ 0.82; risk 
perception: M ¼ 4.51, SD ¼ 0.92). 
4.1. Benefit perception influenced by demographics 
Table 2 displays the ANOVA for demographics in influencing benefit 
perception, whereas Table 3 shows the post-hoc test. Table 2 shows 
significant differences for ethnicity and level of education in influencing 
benefit perception. Moreover, Table 3 shows significant differences be-
tween Malay and Chinese and levels of education of MCE and LCE, 
Diploma, Bachelor and Master degrees. Compared with the Chinese, the 
Malay is found to perceive nanotechnology as more beneficial (Malay: 
M ¼ 4.88, SD ¼ 0.82; Chinese: M ¼ 4.55, SD ¼ 0.85). This difference 
may be due to the fact that the Chinese is more careful when dealing 
with new technology compared with the Malay [67]. Respondents with 
high levels of education perceive nanotechnology as more beneficial 
(Masters: M ¼ 4.99, SD ¼ 0.76; Bachelors:, M ¼ 4.97, SD ¼ 0.84; 
Diploma: M ¼ 4,75, SD ¼ 0.68; MCE: M ¼ 4.67, SD ¼ 0.77) compared 
with LCE (M ¼ 3.82, SD ¼ 0.90). This finding is in agreement with the 
author in Ref. [68], who proposed that highly educated individuals 
show less concern about nanotechnology. 
4.2. Risk perception influenced by demographics 
Table 4 shows that risk perception is influenced by respondents’ 
demographics, whereas Table 5 presents the results of the post-hoc test. 
Table 4 reveals that age, ethnicity, level of education and household 
income significantly influence risk perception of nanotechnology. Sig-
nificant differences are found between respondents in terms of age 
groups (18–21, 21 to 40 and 41 to 51). Older respondents are more 
cautious than younger ones [69] which makes them perceive high levels 
of risk in nanotechnology (41–51 years: M ¼ 4.68, SD ¼ 0.79; 21–40 
years: M ¼ 4.54, SD ¼ 0.89; 18–20 years: M ¼ 3.93, SD ¼ 1.18). Re-
spondents with different ethnicity, levels of education and household 
income also show significant differences in perceiving nanotechnology 
risks. The Indian perceives nanotechnology as riskier than the Malay 
(Indian: M ¼ 4.91, SD ¼ 0.68; Malay: M ¼ 4.46, SD ¼ 0.93). In addition, 
the Malay has a different perception of risk as they are more secured as 
the majority of the Malaysian population. 
In addition, respondents with a Ph.D. qualification show low levels of 
risk perception compared with matriculation, Diploma and Master’s 
degree holders (Ph.D.: M ¼ 3.69, SD ¼ 0.66; matriculation: M ¼ 4.89, SD 
0.28; Diploma: M ¼ 4.56, SD ¼ 0.88; Bachelor’s degree: M ¼ 4.62, SD ¼
0.93). Individuals with high levels of education are more confident that 
the authorities can manage the risk of nanotechnology applications in 
terms of public health and the environment [70]. Household income 
shows a significant difference between respondents earning RM1001 to 
Table 2 
Benefit perception influenced by demographics.  
Demographics M SD Levene’s test P-value ANOVA 
Gender 
Men 4.76 0.75 0.100 0.261 (Independent t- 
test) Women 4.86 0.85  
Age 
18 to 20 4.97 0.80 0.256 0.536 
21 to 40 4.82 0.83 
41 to 51 4.74 0.68 
Ethnic 
Malay 4.88 0.82 0.011 0.003* 
Chinese 4.55 0.85 
Indian 4.83 0.62 
Education 
LCE 3.82 0.90 0.019 0.000* 
MCE 4.67 0.78 
Matriculation 4.57 0.85 
Diploma 4.75 0.68 
Degree 4.97 0.84 
Master degree 4.99 0.76 
Ph.D. 4.68 1.15 
Household income 
Below RM1000 4.64 0.80 0.000 0.082 
RM1001-RM3000 4.78 0.90 
RM3001-RM5000 4.81 0.79 
RM5001-RM7000 5.14 0.55 
RM7001-RM9000 4.63 0.99 
RM9001 and above 4.91 0.59 
Note: a) Age F(2,404) ¼ 0.624, b) Ethnic F(4,402) ¼ 4.074, c) Education F 
(6,400) ¼ 4.669, d) Household income F(5,401) ¼ 1.969. 
Table 3 
Post-hoc Tukey HSD for benefit perception.  











Master degree 4.99b 
Ph.D. 4.68ab 
Note: Values with the same superscript character are not 
significantly different in Tukey HSD. 
Table 4 
Risk perception influenced by demographics.  
Demographics M SD Levene’s test P-value ANOVA 
Gender 
Men 4.48 0.83 0.023 0.665 (Independent t- 
test) Women 4.52 0.97  
Age 
18 to 20 3.93 1.18 0.052 0.001* 
21 to 40 4.54 0.89 
41 to 51 4.68 0.79 
Ethnic 
Malay 4.46 0.93 0.028 0.012* 
Chinese 4.54 0.97 
Indian 4.91 0.68 
Education 
LCE 3.95 0.69 0.000 0.001* 
MCE 4.32 1.07 
Matriculation 4.89 0.28 
Diploma 4.56 0.88 
Degree 4.62 0.93 
Master degree 4.48 0.86 
Ph.D. 3.69 0.66 
Household income 
Below RM1000 4.57 0.92 0.028 0.002* 
RM1001-RM3000 4.37 1.03 
RM3001-RM5000 4.66 0.82 
RM5001-RM7000 4.86 0.80 
RM7001-RM9000 4.47 0.99 
RM9001 and above 4.17 0.62 
Note: a) Age F(2,404) ¼ 7.051, b) Ethnic F(4,402) ¼ 3.269, c) Education F 
(6,400) ¼ 3.664, d) Household income F(5,401) ¼ 3.769. 
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RM3000 (M ¼ 4.37, SD ¼ 1.03) and RM5001 to RM7000 (M ¼ 4.86, SD 
¼ 0.80). In addition, the low-income group holds low levels of risk 
perception because they are less likely able to buy or use nanotech-
nology products, which tend to be expensive [66,67]. Therefore, these 
groups may not be exposed directly to the hazard of nanomaterials. In 
contrast, high-income respondents earning RM9001 and above shows 
low levels of risk perception (M ¼ 4.17, SD ¼ 0.62) than those earning 
RM3001 to RM5000 (M ¼ 4.66, SD ¼ 0.82) and RM5001 to RM7000. 
This difference may be attributed to the ability of high-income in-
dividuals to have additional options in selecting products and services. 
In summary, ethnicity and level of education influence benefit percep-
tion, whereas age, ethnicity, level of education and household income 
influence the risk perception of nanotechnology. However, gender has 
no significant effect on the benefit and risk perception of nanotech-
nology. Hence, H1 is rejected in terms of gender and income group but 
supported in terms of age groups and minorities. 
4.3. Psychological and sociological aspects influencing benefit and risk 
perceptions of nanotechnology 
Table 6 shows the result of the independent t-test. Results show that 
public benefit and risk perceptions are not influenced by familiarity of 
nanotechnology. Therefore, H2 is rejected. The simple linear regression 
for psychological aspects indicates that attitude, trust in government, 
researchers and industries influence benefit perception. The public holds 
a positive attitude towards nanotechnology, as shown in Table 1 (min ¼
4.85, SD ¼ 1.01), which increases benefit perception (β ¼ 0.635, p <
0.001, R2 ¼ 0.403) and decreases risk perception (β ¼   0.107, p < 0.05, 
R2 ¼ 0.012). Hence, H4 is supported. Trust in government increases 
benefit and risk perceptions among the public (benefit perception: β ¼
0.364, p < 0.001, R2 ¼ 0.133; risk perception: β ¼ 0.170, p < 0.05, R2 ¼
0.029). In contrast, trust in industries influences benefit perception (β ¼
0.410, p < 0.001, R2 ¼ 0. 168) but not risk perception. The same result is 
obtained for trust in researchers (benefit perception: β ¼ 0.397, p <
0.001, R2 ¼ 0.157). Therefore, H3 is supported, where trust in the 
government, researchers and industies increase benefit perception. In 
terms of the sociological aspects, cultural familiarity with technology, 
religious beliefs and social groups influence benefit perception (culture: 
β ¼ 0.534, p < 0.001, R2 ¼ 0.285; religious beliefs: β ¼ 0.604, p < 0.001, 
R2 ¼ 0.364; social groups: β ¼ 0.595, p < 0.001, R2 ¼ 0.354) but not risk 
perception. Therefore, H5 is supported, whereas H6 and H7 are rejected. 
5. Discussion 
The present study investigates the influence of demographic, psy-
chological and sociological factors on public benefit and risk percep-
tions, which will be instrumental for the effective formulation of policy 
that addresses public interests in nanotechnology development. More-
over, effective communication of nanotechnology risks and benefits will 
help bridge the knowledge gap between experts and the public to enable 
nanotechnology development and avoid backlash from the public to-
wards emerging technology. 
Ethnicity and level of education have shown influences on public 
benefit and risk perceptions. The majority and minority ethnic groups 
have different risk perceptions, where the ethnic majority feels more 
secure. In this regard, ethnic minorities are more concerned about risks 
[27–29]. The Malay as the ethnic majority is safeguarded by its special 
position in the Federal Constitution [67], which may result in increased 
security regarding new technology development. Highly educated in-
dividuals have more trust in the government and researchers to protect 
the public from nanotechnology risks, and therefore perceive more 
benefits, which is in line with previous research [32,66]. Conversely, age 
and household income only influence risk perception but not benefit 
perception. 
Nevertheless, the study finds no significant influence of gender on 
public perception, which is inconsistent with the finding of a previous 
study [31]. This result suggests that demographic factors per se are 
unable to explain individual differences in public perception of nano-
technology. Another study [71] also suggested other factors to be 
considered to further understand public perception. Hence, psycholog-
ical and sociological aspects are taken into account to understand the 
public perception of nanotechnology. 
Results show that the public has limited knowledge about nano-
technology with 47.2% being unaware about nanotechnology. Knowl-
edge is considered one of the critical factors that contributes to the 
benefit and risk perceptions of nanotechnology [34]. However, the re-
sults show otherwise, as the public experience difficulty in expressing 
their responses to nanotechnology by stating that they have insufficient 
knowledge about nanotechnology. A brief explanation was given to the 
respondents to answer the questionnaire and state their opinions and 
concerns about the risks associated with nanotechnology [72]. Their 
perceptions were presented in a heuristic manner through their limited 
knowledge of science and technology in general, as well as the benefits 
and risks obtained from various media, including media coverage and 
Table 5 
Post-hoc Tukey HSD for risk perception.  















Master degree 4.48ab 
Ph.D. 3.69a 
Household income 





RM9001 above 4.17ac 
Note: Values with the same superscript character are not 
significantly different in Tukey HSD. 
Table 6 
Standardised regression coefficient psychological and sociological aspects 
influencing benefit and risk perceptions of nanotechnology.  












–   1.140 – 1.100 
Attitude 0.403 0.635** 0.012   0.107* 
Trust in 
government 
0.133 0.364** 0.029 0.170* 
Trust in 
researchers 
0.157 0.397** 0.001   0.023 
Trust in 
industries 
0.168 0.410** 0.004 0.064 
Sociological 
approach 
Culture 0.285 0.534** 0.001   0.033 
Religious 
beliefs 
0.364 0.604** 0.002   0.045 
Social groups 0.354 0.595** 0.002   0.041 
**p < 0.001; *p < 0.05. 
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product labels [73,74]. This limitation urges the future exploration of 
public knowledge to grasp the public’s perception and opinion when it is 
well informed about nanotechnology. Thus, communicating nanotech-
nology is of importance to bridge the knowledge gap between the public 
and experts. 
A positive public attitude leads to the benefit perception of nano-
technology, thereby reducing risk perception. Public opinion about 
nanotechnology is formed by personal experience with other technology 
and how much information is available to make an informed decision 
[75]. Arguably, scientific knowledge will result in a positive attitude 
towards science and technology. However, the informed public is 
capable in making reasonable and ethical choices with regard to science 
and technology [76]. Moreover, attitude influences benefit and risk 
perceptions depending on public benefits or risks perceived in nano-
technology applications [45,51]. The present study found that benefit 
perception on nanotechnology applications outweighs risk perception. 
For example, the advantages of nanotechnology applications in the field 
of medicine for improving the diagnoses and treatments of diseases has 
elevated benefit perception among the public [77]. 
Meanwhile, concerns on eating nano-related foods, which may be 
associated with uncertain health risks raise risk perception. The public 
will have a better judgement on nanotechnology when they are familiar 
with products [4]. This familiarity is in line with Frewer et al. [78] and 
Gupta et al. [79] who illustrated the benefits and risks of nanotech-
nology applications and their effect on public attitude, which conse-
quently changed their perception of nanotechnology despite perceiving 
nanotechnology applications as more beneficial than risky. 
Trust is an essential factor for the public’s acceptance of technology. 
Compared with other groups, the public has high levels of trust in re-
searchers in terms of providing information on nanotechnology-related 
benefits and risks, developing nanotechnology following public needs, 
ensuring public safety from adverse effects of nanotechnology and 
having enough technical knowledge in managing nanotechnology 
development. This finding is in line with Lin et al. [80] that the public 
has more trust in researchers than the government and industries. Trust 
given by the public to the government, researchers and industries in-
creases public benefit perception of nanotechnology as such stake-
holders are the driving forces for the development of nanotechnology. 
However, finding reveals that the lack of public trust in government 
compared with the other two stakeholders increases risk perception, 
although the government is the primary regulator equipped with the 
necessary authority to manage nanotechnology. Low levels of trust in 
the government are not caused by the inadequacy of the government to 
address nanotechnology. However, the public views nanotechnology 
based on the inefficiency of the government in implementing previous 
policies [81]. Nevertheless, the public is unaware that various govern-
ment agencies are collaborating to manage nanotechnology risks, 
whereas the public only relies on its judgement that the ruling govern-
ment is not prioritising public needs [82]. Compared to industry and 
researchers who are not directly involved in national policymaking, 
researchers gain high levels of trust from the public because the public 
believes that they will ensure safety from nanotechnology risks through 
their profound knowledge and skills [66]. 
In terms of sociological aspects, the public’s cultural familiarity with 
science and technology can be attributed to the introduction of the 
National Science, Technology and Innovation Policy since 2013–2020, 
which emphasises science and technology as the economic driver of the 
well-being of the public. The introduction of the policy has enabled the 
cultural acceptability of the development of science and technology in 
general and nanotechnology in particular [83]. Thus, it influences the 
benefit perception of nanotechnology but not risk perception. In the 
context of religion, the public perceives nanotechnology as beneficial 
and not risky. Religiosity acts as a ‘filter’ of knowledge on nanotech-
nology when public knowledge is limited, whereas religiosity plays a 
role in influencing ethical choices [84,85]. The development of science 
and technology emphasising religious ethics [86] creates the foundation 
for the religious public to accept nanotechnology. Therefore, no tech-
nology conflicts with ethics practised in Malaysia, which in turn in-
fluences the benefit perception of nanotechnology. However, the study 
is limited to whether the public is adherent to the practices of their 
religion. Nevertheless, one research shows that the Malaysian public, 
despite being highly religious or not, demonstrate a positive perception 
of nanotechnology [87]. 
Supporting research funding influences public benefit perception, 
but not risk perception. As previously mentioned, different public per-
ceptions are obtained across demographics with ethnic minorities, older 
age groups and middle-income public, which are illustrated to show 
high levels of risk perception. Public concerns emerge from the unbal-
anced benefits and risks of nanotechnology that are not shared equally 
across social groups [61]. In this regard, social groups with high stan-
dards of living can enjoy the benefits of nanotechnology. In contrast, 
those with low standards of living will be left behind. The social 
implication of unbalanced information distribution, accessibility to 
nano-applications, inability to gain benefit from nanotechnology, 
and/or compressed by the risk are essential components to consider 
during nanotechnology development [61,68,75,88]. Supporting nano-
technology research funding is crucial for a more inclusive development 
to ensure the fair distribution of nanotechnology benefits and avoid 
uncertain risks by bridging the knowledge gap and promoting beneficial 
and acceptable nano-applications [89]. Strengthening public commu-
nication by reaching out to ethnic minorities, older people and 
low-income groups are required in the future. Hence, continued research 
on nanotechnology will enable all social groups to gain benefits as well 
as be protected from the risks of nanotechnology [90]. 
6. Implications of public perception of nanotechnology 
The study serves as a pre-deliberative approach for a better under-
standing of the public with vested interests and concerns on emerging 
technology. Previous studies proposed that public participation is vital 
for improving their understanding of science through deliberation and 
effective communication [18,91–94]. However, sharing scientific and 
technological knowledge in a one-way communication approach with 
the public has shown to be ineffective, thereby causing the ‘deficit 
model’; that is, scientific information is mainly available, but public 
knowledge is lacking. The social context in the implication of science 
towards daily public activities is required to communicate science and 
technology ethically [95,96]. Communicating science through di-
alogues, discussions and debates [10,97,98] that will have an impact on 
policy is a new means for improving the public’s understanding of 
science. 
Results show that the younger individuals have less risk perception 
than older ones, which suggests nanotechnology should be communi-
cated according to age group, as older individuals have more concerns 
about nanotechnology. Individuals with low levels of education should 
also be included using the appropriate approach as the public will seek 
to know more about nanotechnology if the delivered information is 
difficult to understand [99]. Individuals in ethnic minority groups and 
different income levels are groups that are primarily concerned about 
the implication of nanotechnology, thus calling for continued research 
to ensure fair distribution of nanotechnology benefits and protection 
against risks. 
The study discussed psychological and sociological factors that can 
be utilised to understand the current public perception and establish a 
better deliberation to achieve mutual learning [23,100–103]. Through 
deliberation with effective communication, the current public percep-
tion may be improved with meaningful public engagement [91–95]. In 
addition, the findings highlight that public trust in stakeholders influ-
ence public perception about nanotechnology, especially the govern-
ment as the primary regulator. Furthermore, public trust in government, 
researchers and industries will motivate the public to promote practical 
deliberation, which remains lacking [22], and thus enable effective 
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communication about nanotechnology to the public. 
7. Conclusion 
Nanotechnology emerges to address the needs of the public and the 
desire to improve quality of life. However, opposition to new technology 
will hinder its potential and undermine its intent due to the misper-
ception of the public, thereby causing significant loss to the sector. The 
study aimed to understand public perception, which will help to 
improve nanotechnology communication with the public. Communi-
cating nanotechnology to improve public understanding is important as 
the public will be influenced by nanotechnology applications, and their 
decisions will further influence nanotechnology development. One 
approach to determine the acceptance of nanotechnology is by 
acknowledging public perception. The study demonstrated that benefit 
perception is influenced by demographics (ethnicity and level of edu-
cation), psychological aspects (attitude, trust in government, re-
searchers, and industries) and sociological aspects (culture, religious 
beliefs and social groups). Although risk perception is influenced by 
demographics (age, ethnicity, level of education and household income) 
and psychological aspects (attitude and trust in the government), the 
findings will benefit stakeholders to further deliberate nanotechnology 
with the public for effective communication, policy making and ethical 
nanotechnology management. 
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